In this paper we study the cyclicity of a division algebra D of prime 0 degree p G 5 with center of characteristic p. First we shall review Albert's w x Ž example 2᎐4 , in more modern notation and prove contrary to Albert's . indicated expectations that it is cyclic. Since part of the calculation involves a corestriction over a field extension, we shall deal with this more generally, and present Albert's example in its general setting, proving that Ž . any p-algebra of degree p of a certain form type A which becomes cyclic after a quadratic extension of the center must already be cyclic. In general, we have a generic presentation of p-algebras which become cyclic after a Ž . quadratic extension type B and propose it as a potential noncyclic algebra. During the course of these computations we obtain an explicit criterion for the tensor product of two arbitrary p-algebras to be split, which has independent interest. sion of F, and let denote the nontrivial automorphism of KrF. We consider throughout a cyclic division algebra D of odd degree n over the center K. In case extends to an automorphism of order 2 on D, it is well known that the fixed subring D is a division algebra of degree n over F, and D f D m K .
F
It is natural to ask whether or not D must be cyclic. This was Albert's w x approach in 2᎐4 when F has characteristic p, so we shall focus on this Ž case. Note: The referee has provided an argument which shows that if extends to an automorphism of D then it extends to an automorphism of . order 2. This section consists of results which can be found in the literature, but we include them for the reader's convenience. We shall show D is a symbol, explicitly computing its structure. The first two Ž . observations which really are folklore are characteristic free. Remark 1.1. The following conditions are equivalent:
i extends to an automorphism of order 2 on D; 
. .
Let us make this more explicit.
ALBERT'S EXAMPLE
In this section we reproduce Albert's example, but from a different point w x of view from 2᎐4 , which relied on the theory of derivations. Our ap-Ž . proach is based on Eq. 10 below. Recall F has characteristic p, an odd w x 2 prime, and K s F u where u g F, and a s a q a u. We want a crite-
One way of obtaining 10 is to make both sides trivial. In Albert's example,
Ž . Ž .
,
. as desired. This proves that Albert's example is -invariant.
The Corestriction Computation for Albert's Example. By Lemma 1.2, the w . fixed subring of a, b will be a p-symbol iff the corestriction is a p-symbol. Although we shall soon generalize Albert's example, one can show that Albert's example is actually cyclic for all p, just by combining the two Ž . p-symbols on the RHS of 9 , so we start with this easier demonstration,
Thus the first p-symbol of 9 assuming F contains a subfield of p . elements is
which we can rewrite as
Ž . Ž . This restriction will be removed when we extend Theorem 2.1.
ARBITRARY CYCLIC QUADRATIC EXTENSIONS OF p-ALGEBRAS
In this section Albert's example is put in its general context, and we ask
Obviously this must be true for p s 3, since all simple algebras of degree 3 are cyclic. As we shall see, the key calculation modifies the constants defining p-symbols: Ž .
Note that there is no ambiguity in
Ž . Ž . which by 4 taking i s y1 is similar to
which in turn is similar to
Ž . and the first of these symbols is trivial by 5 . 
w . Ž . The criterion for¨, w to be split thereby reduces to 13 , as desired.
Thus the algebra D has type A iff the following two conditions hold,
Ž . so we see by 19 that in 17 we may assume ␤ g F.
Ž . 
and using the derivative ␦ and notation f Ž p. 
Ž . Ž . Ž . Ž . Ž . Ž . . .
We claim that each of these last two symbols can be rewritten as a p-symbol terminating in a ura , and thus in 
Ž . as desired.
Type B
We turn to the general case. As above, write a s a q a u. Letting Ž . Ž . 
We shall show presently that every -invariant symbol can be rewritten as a p-symbol having type B. More generally, we turn to the¨, w-notation Ž Ž. for¨, w g K, where the¨are -eigenvectors whereby we mean ¨s
. Ž ⑀¨for ⑀ s "1 , and w are multiplicative -eigenvectors whereby we Ž .ˆÝ Ý Note that Proposition 3.7 yields a necessary and sufficient condition for the tensor product of two symbols over F to be trivial, since all elements of F are eigenvectors.
